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1. INTRODUCTION 

When it comes to aesthetic dentistry, orthodontic treatment has become one of the most popular 
procedures. It is used to correct malocclusion, to provide a healthy occlusion and an aesthetically pleasing 
appearance [1], [2]. Elastics have long been used in orthodontics to help in the transfer of force to the teeth 
by orthodontic mechanics. Compared to non-latex elastics, latex elastics possess better flexibility, greater 
force, a lower price, and the ability to rebound to their original dimensions after substantial deformation. To 
produce latex elastic materials, natural rubber, an elastomer having a 3D reticulate structure formed by cross- 
links, is utilized [3]. Over 20 different types of latex elastics are currently used in orthodontic treatment. 
Orthodontists select appropriate elastics based on force, personal experience, and habit. Elastics reportedly 
exert force at a 300% extension of their diameter, but the validity of this claim has been questioned, and its 
force levels vary depending on its size [4], [5]. 

Contrary to their extensive usage in the field, the mechanical qualities of orthodontic latex elastics 
(OLEs) are poorly understood. After being loaded over its stress limit, latex elastic becomes fatigued at the 
weak places due to the lack of homogeneity on the inside or surface of the latex elastic. Dynamic fatigue also 
develops due to friction between the molecular chains [6]. Owing to the physical and chemical characteristics 
of latex, orthodontic elastics get fatigued, and force relaxation results in force deterioration [7]. These 
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characteristics are influenced by material-related elements, such as force decay, and oral environmental 
factors, such as saliva composition, intraoral pH, temperature fluctuations, and food texture [8]—[10]. Hence, 
force degradation must be maintained within acceptable limits to achieve effective orthodontic tooth 
movement. 

With the emergence of the COVID-19 pandemic in early 2020, the use of oral rinses or 
mouthwashes have been advised for orthodontic patient’s due to the vulnerability of the virus to oxidation. 
Maintaining proper oral hygiene is difficult for these individuals; hence, efficient antibacterial agents, such as 
mouthwash, must be used to prevent the development of white spot lesions and stop the advancement of 
existing demineralization [11], [12]. However, mouthwashes include compounds that can influence 
orthodontic elastic force by altering the pH of the oral environment. The force degradation of orthodontic 
elastic chains has been the subject of several investigations. Omidkhoda et al. [13] proved that mouthwashes 
influence the force decay of orthodontic elastic chains, but Sufarnap et al. [14] stated that mouthwashes 
containing sodium fluoride have no negative impact on force degradation and permanent deformation of 
orthodontic elastomeric chains. Nevertheless, information about the effect of mouthwashes on the force 
decay of OLEs is lacking. Here, the effects of mouthwashes on the force decay of OLEs in in vitro conditions 
were compared throughout different periods of time. The hypothesis is that mouthwashes increase the force 
decay of OLEs. 


2. RESEARCH METHOD 

Ethical clearance for this experimental laboratory study was obtained from the Ethical Commission 
of Dentistry, Faculty of Dentistry, Universitas Gadjah Mada with a number 00693/KKEP/FKG- 
UGM/EC/2021. Samples of OLEs (American Orthodontics, USA) with 1/4 inch size were kept in sealed 
plastic packets in a cool, dark environment and used before their expiration dates. A total of 100 sets of 
elastics were tested at a time using 10 jig boards as shown in Figure 1, each of which had 10 pairs of pins 
spaced 10 millimeters apart. Each of the following five groups consisted of 20 sets of elastics: control group, 
the samples rinsed in zinc sulfate 0.2%, the samples rinsed in chlorhexidine 0.2%, the samples rinsed in 
sodium fluoride 0.2%, and the samples rinsed in povidone—iodine 1%. All the samples were stretched to a 
diameter of 19.05 mm (three times their initial diameter), kept in artificial saliva solutions with pH values of 
7, and maintained at body temperature in an incubator (37+1°C). The samples from groups 2—5 were put into 
the test mouthwashes three times a day for 60 seconds at 0, 12, and 24 hours. After each immersion, the 
samples were placed back into the artificial saliva. After a consistent reading was established within 4—5 
seconds using an orthodontic dynamometer tension meter force oral gauge, a blinded and trained examiner 
measured the force magnitudes at a diameter of five times the diameter of the activation (31.75 mm) 
(MedKraft, USA). The force created by the elastics was measured at five different time intervals including 
baseline (before the experiment), 1, 6, 12, and 24 hours. Two-way analysis of variance (ANOVA) was used 
to statistically determine any differences across groups. Tukey's honest significant difference test was then 
applied to evaluate significant differences between groups. A p-value of less than 0.05 was regarded as 
Statistically significant. Statistical product and service solutions (SPSS) version 21 was employed for the 
analyses (SPSS Inc, Chicago, Illinois). 


Figure 1. Acrylic jig boards with 10 pairs of pins spaced 10 millimeters apart 
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3. RESULTS AND DISCUSSION 

The influence of four different mouthwashes (zinc sulfate, chlorhexidine, sodium fluoride, and 
povidone—iodine) on the force loss of OLEs was investigated at five distinct time intervals. Statistical 
differences were observed for the time intervals and force degradation of OLEs (p<0.05). In terms of the 
average force loss, the majority of force degradation occurred within the first six hours after extension and 
immersion. Force extension relaxation slowed down after 12 hours in all the groups, and this phenomenon 
could be explained by a range of forces appropriate for most clinical applications as shown in Tables 1-3 and 
Figures 2-3. 

ANOVA results showed that the effect of mouthwashes on elastic force reduction was not 
statistically significant (P>0.05). The elastic strength of latex orthodontics at 6—12 hours in all groups showed 
the most drastic decrease in force value as presented in Table 3 and Figure 3. When the groups were 
evaluated individually, the chlorhexidine group had the lowest force value at 24 hours, followed by sodium 
fluoride, zinc sulfate, control, and povidone—iodine groups. 


Table 1. Mean and standard deviations of orthodontic elastic force (gram force) in different solutions at 
different times 


Immersion Baseline 1 hour 6 hours 12 hours 24 hours 
Control 222.3 (20.3) 183.8 (18.5) 140.6 (18,9) 126.3 (13.9) 121.5 (11.3) 
Zinc sulfate 221.8 (19.8) 184.7 (19.2) 139.7 (17.8) 125.7 (12.8) 120.3 (12.8) 


Chlorhexidine 222.8 (20.2) 180.1 (17.8) 132.4 (17.3) 121.6 (15.7) 116.4 (10.3) 
Sodium fluoride 223.1 (20.1) 184.9 (18.7) 135.1 (14.9) 121.9 (16.5) 117.1 (11.9) 
Povidone—iodine 220.9 (19.8) 186.1 (19.2) 141.2 (15.6) 128.9 (16.1) 124.3 (13.1) 


Table 2. Two-way ANOVA test results of orthodontic elastic force (gram force) in different solutions at 
different times 


Variable F p-value 
Immersion solutions 771.827 0.002* 
Observation time 1983.037 0.000* 
Immersion solutions*Observation time 22.856 0.015* 


*Significant differences between groups (p<0.05) 


Table 3. Orthodontic elastic loss percentage (%) at different time intervals 


Immersion 0-1 hour 1-6hours 6-12 hours 12-14 hours 
Control 17.56 23.49 10.71 3.96 
Zinc sulfate 17.19 24.45 10.07 4.01 
Chlorhexidine 18.91 26.67 8.33 4.13 
Sodium fluoride 17.49 27.02 10.37 3.97 
Povidone- iodine 15.45 24.19 9.21 3.51 
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Figure 2. Orthodontic elastic forces curves in different solutions at different times 
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Figure 3. Force decay percentage (%) curves over time (hours) of orthodontic elastics in different solutions 


Elastics for orthodontics are essential sources of force transmission to the teeth and are thus 
frequently employed in the orthodontic field. Albeit effective, the force created by these materials is 
progressively reduced over time, making them unsuitable for certain applications [15]. Previous study stated 
that the mechanical and environmental parameters that contribute to the force degradation of various 
orthodontic elastics [8]. Owing to their frequent usage by orthodontic patients, especially during COVID-19 
pandemic, the influence of mouthwashes on orthodontic elastics must be analyzed. 

Four common mouth rinses (betadine gargle, chlorhexidine, zinc sulfate, and sodium fluoride) were 
chosen for evaluation. Using a tension gauge, the force decay pattern of OLEs that were exposed to these 
mouthwashes was measured and compared to that of an OLE that was immersed in artificial saliva. No 
significant differences were found between the mouthwash groups and the control group in terms of force 
loss over time. This means that none of the test mouthwashes have a negative effect on the force loss of 
OLEs. OLE force reduction occurs due to several factors. One of which is the nature of latex to absorb water. 
In this study, the elastic was immersed in liquids such as artificial saliva and mouthwashes. Microstructural 
damage can occur due to the filling of the spaces in the latex matrix and cause intermolecular damage to the 
rubber [16]. Its intermolecular bonds may also be disrupted by the chemicals in the mouthwash acting as 
potent plasticizers [17]. When the OLE is immersed in the liquid for a long time, the latex absorbs much 
water, and the force value greatly decreases. OLE stretching can also decrease the force strength due to the 
breakage of latex secondary bonds that increases over time and results in primary bond rupture manifested as 
strength loss [18]. This phenomenon is in agreement with the result that the force value of OLE at 24 hours is 
the smallest among those for the other groups. 

The type of mouthwash had no significant effect on decreasing the tensile strength of OLE. This 
finding agrees with a previous study, which stated that mouthwash does not influence the tensile strength 
reduction of orthodontic intermaxillary elastics [16]. Soaking OLE in mouthwashes three times a day for 60 
seconds is not sufficient to reduce its force strength [17]. OLE tensile strength can be diminished by 
environmental conditions that plasticize the crosslinked polymers and reduce the flexibility of the material, 
resulting in fatigue and strength loss over time [9], [18]. 

The elastic strength of latex orthodontics at 6—12 hours in all groups showed the most drastic 
decrease in force value. Force extension relaxation occurs radically within the first 3 hours after extension, 
and a gradual degradation happens from 6 to 12 hours [19]. When stretched for the first time, the rubber 
experiences initial stress relaxation in the form of strength reduction when pulled at a constant strain. Owing 
to clinical patterns, force extension relaxation was not investigated in periods more than 24 hours. In clinical 
practice, patients are typically instructed to replace the elastics after 1 day of use [3]. 

The OLE immersed in the chlorhexidine solutions had the lowest force value than among all the 
samples. Chlorhexidine has a slightly acidic pH that varies from 5.5 to 6.0 [20]. Acid solutions accelerate the 
degradation of elastic chains, resulting in a decrease in released force [21], [22]. An environment with acidic 
conditions has a large number of H+ free radicals. The -COO- group transforms to COOH due to the 
presence of H+ free radicals, thereby causing a loss of attractive force between the -COO- and NH3 groups. 
This condition can cause the breakage of molecular protein bonds and consequent protein denaturation. The 
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polyisoprene double bond is also destroyed due to the carbon electrons and H+ free radical bond. This 
process can damage the orthodontic elastic molecular structure [23]-[25]. Furthermore, active components 
found in chlorhexidine (cationic molecule) can bind to the OLE surface and aid in its breakdown [26]. 

According to the findings of the current investigation, mouthwash did not significantly enhance the 
force decay of OLE. This is congruent with the findings of the Pithon et al. study, which discovered that 
mouthwash has no effect on the force degradation of orthodontic chain elastics [27]. Ramazanzadeh et al. 
[28] investigated the effects of sodium fluoride mouth rinse on the elastic characteristics of several 
elastomeric chains and determined that daily usage of sodium fluoride mouth rinse had no influence on the 
force degradation required to attain typical orthodontic pressures. Another studies found that the use of 0.2% 
chlorhexidine, 0.2% persica, 0.2% sodium fluoride, and 0.2% chlorhexidine and sodium fluoride 
mouthwashes had no negative effect on the force degradation of elastomeric chains [29], [30]. 

Owing to the lack of comparable in vivo investigations, a comprehensive analysis cannot be 
performed on the current findings. In vitro studies have the drawback of inability to reproduce the changes in 
intraoral temperature, acidity as a result of consuming various foods, and other dynamic environments of the 
oral cavity. Although in vitro research can be useful, the findings must be translated with caution. Despite its 
limitations, the present work provides new information for orthodontists on issues crucial for patients with 
OLEs, such as the use of mouthwashes especially during the COVID-19 pandemic. As a result of force decay 
and irreversible distortion, orthodontic elastics should be replaced every 12 hours in the clinical setting. 


4. CONCLUSION 

Within the limitations of the study, it can be concluded that the force loss of OLEs increased with 
prolonged immersion in liquid. Mouthwashes did not affect the force degradation of OLEs. Povidone—iodine 
generated the lowest force decay, followed by zinc sulfate, sodium fluoride, and chlorhexidine. Only one 
type of elastic (latex) was used in this investigation to compare the force decay patterns produced by various 
mouthwashes. Consequently, it is suggested to assess the response of various elastic materials to various 
types of mouthwash. 
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